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@ Automatic chemical analyzer. 

. ® In an automatic chemical analyzer, a plurality of reaction 
tubes (8) are arranged at regular intervals on a circular line 
along the peripheral edge of a discoid reaction tube holder 
(5). The lower-half portions of the reaction tubes are 
immersed in water in a thermostatic bath (1) kept at a fixed 
temperature. One or more reagents and samples are con- 
tained in the reaction tubes. A suction body (9) and a 
sampling body (10) are supported for vertical motion, 
extending parallel to each other right over the circular line. 
Plunger pumps (21 a), (25a) are coupled to the suction and 
sampling bodies. An absorbancy measuring device (17, 18, 
19) is interposed between the suction body (9) and its 
corresponding plunger pump (21a). The reagent is sucked 
through a sampling nozzle (10a) at the lower end of the 
sampling body (10) by its correspoding plunger pump (25a), 
and is dispensed by a given amount at a time to the samples 
in the reaction tubes through the sampling nozzle as the 
reaction tube holder rotates. After biochemical reactions 
between the samples and the reagent are ended or in the 
middle of the reactions, reaction mixtures are sucked 
through a suction nozzle (9a) at the lower end of the suction 
body (9) by its corresponding plunger pump (21a), and are 
supplied to the absorbancy measuring device for measure* 
ment of the quantity of light transmitted through the reaction 
mixtures. 
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Automatic chemical analyzer 

This invention relates to an automatic chemical 
analyser for continuously and quickly analyzing a plura- 
lity of samples or items of analysis. 
5 Automatic chemical analyzers are intended to exa- 

mine and analyze urine, blood or other samples picked up 
from human bodies or the like to prepare data for 
diagnosis. A sample, such as urine, blood, etc., is put 
in a reaction tube, and a given amount of reagent is 
10 poured into the reaction tube. The mixture of the 

sample and the reagent undergoes a reaction at a given 
temperature .for a given period of time. The absorbancy 
or electric conductivity of the reaction mixture or 
liquid is measured for the analysis of the sample. In 
one such prior art automatic chemical analyzer, a plura- 
lity of reaction tubes are arranged in a matrix, and are 
advanced along a reaction line which is one of the 
directions of the matrix. A sampling arm spans the 
reaction tubes perpendicularly to the reaction line. 
Likewise, a suction arm spans the reaction tubes perpen- 
dicular to the reaction line, lying on- the down-stream 
side of the sampling arm with respect to the advancing 
direction of the reaction tubes. A reagent is distri- 
buted to samples in the reaction tubes through a 
25 sampling nozzle which is supported by the sampling arm 
so as to be capable of vertical motion and movement 
in the longitudinal direction of the arm. Reactions 
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between the reagent and the samples proceed as the 
reaction tubes injected with the reagent advance toward 
the suction arm while being immersed in a constant- 
temperature medium in a thermostatic bath. After the 
reactions, the resultant reaction mixtures or liquids 
are sucked through "a suction nozzle which is supported 
on the suction arm so as to be capable of vertical 
motion and movement in the longitudinal direction of the 
arm, the mixtures or liquids are then fed to a measuring 
device for analysis. 

In the prior art analyzer thus constructed, it is 
necessary to provide large-sized arms capable of 
spanning a group of reaction tubes and a drive mechanism 
for moving the nozzles along the arms. Also needed is a 
reagent repository for storing the reagent. Moreover r a 
long reaction line is required for prolonged-reaction 
analysis. Under these circumstances, the prior art che- 
mical analyzers inevitably are bulky. Instead of being 
supported on the arm, the sampling nozzle may be 
attached to a nozzle board. In this case, however, an 
operator is expected to choose a specified reaction line 
depending on the item of analysis find to set the 
sampling nozzle over the reaction line. Thus trouble- 
some operations will be forced on the operator, and the 
reaction line may possibly to mistaken. Since the 
sampling nozzle need be transferred, a long tube is 
required for connecting the nozzle and the reagent 
repository. As a result, the reagent may be left in the 
tube to be wasted. 

An object of this invention is to provide an auto- 
matic chemical analyzer in which vessels individually 
containing a sample and a reagent are arranged on the 
same line so that the vessels are moved along the 
arrangement line for pouring of the reagent to the 
sample and sucking of a reaction mixture. 

Another object of the invention is to provide a 
compact automatic chemical analyzer capable of 
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- items of analysis without wasting a reagent 

Still another object of the invention is to provide 
a compact automatic chemical analyzer capable Tt 
prolonged-reaction analysis. 

£Brther object "<* invention is to provide an ' 
automatic chemical analyzer ensuring reduction of defec 
tlve analysis due to an operator's mistake. 

According to the invention, there is provided ,„ 
automata chemical analyzer wherein a reagent and a 
sample are mixed to undergo reaction and a specified 
property of the reaction mixture is me asured . This d ana 

yzer comprises a plurality of vessels individually 
taming at least one reagent and at least one sampL 
vessel supporting means for supporting the vessel 
having an endless arrangement along „ hich ^ 

po r r e ti:: posed ' drivin9 TCans f ° r ^ «» 

porting to move the vessels along the arrangement 

line, temperature keeping mmaa £or raintal[>1 9 ™ 
temperature of the reaction mixtures stored in the 

tIon e me SUPPO " ed * <™ supporting means, suc- 

tion means including a suction body having at the loir 
end portion thereof a suction nozzle located ri^ht Zlr 
the arrangement line, and a first suction section 
capable of connecting with the suction body, the suction 
means being capable of suckina the r**^- suction 
m,- „. , tne reaction mixtures in 

the vessels, suction tod y supportin9 ^ " 

porting the suction body for vertical motion so tLt the 
suction body plunges into each vessel when lowereTand 
withdraws upward from the vessel when raised ^pilng 
means including a sampling body having at the loTer end 
Portion thereof a sampling nozzle located right Ive/ L 
arrangement line, and a second suction section capable 
of being connected with the sampling boay, the sampliL 
means being capable of sucki„„ sampling 
s< „ • sucking the reagent in the vessel 

and discharging the reagent into the vessel containino 
the sample, sampling body supporting .ans foTIu^rtin, 
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the sampling body for vertical motion so that the 
sampling body plunges into each vessel when lowered 
and withdraws upward from the vessel when raised, and 
measuring means disposed between the suction body' and 
the first suction section for measuring a specified pro- 
perty of the reaction mixture sucked in through the 
suction nozzle from each vessel. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a schematic view showing an automatic 
chemical' analyzer according to the first embodiment of 

the present invention; 

Fig. 2 is a side view partially in section 
illustrating a thermostatic bath used in the first embo- 
diment and its neighboring portions; 

Fig. 3 is a schematic view showing an automatic 
chemical' analyzer according to the second embodiment of 
the present invention; and 

Fig. 4 is a side view partially in section 
illustrating a thermostatic bath used in the second 
embodiment and its neighboring portions. 

Fig. 1 is a schematic general view of an automatic 
chemical analyzer according to one embodiment of this 
invention, and Fig. 2 is a side view partially in sec- 
tion illustrating a thermostatic bath and is neighboring 
portions. The automatic chemical analyzer comprises the 
thermostatic bath 1 and a discoid reaction tube holder 
5 The thermostatic bath 1 is U-shaped in section and 
ring-shaped as a whole, and is mounted on a suitable 
base 4. A constant-temperature medium such as water is 
stored in the thermostatic bath 1. Pipes 2 is coupled 
to the outer side wall of the thermostatic bath 1. The 
thermostatic bath 1 and a heating section 3 of the water 
as the constant-temperature medium are connected by 
means of the pipes 2. A heater 3a is housed in the 
heating section 3 to heat the water in the heating 
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section 3. By controlling the power supply to the 
heater 3a, the water in the thermostatic bath 1 is kept 
at a predetermined temperature, e.g., 37°C. A shaft 7a 
is fixed at right angles to the center of the under sur- 
5 face of the reaction tube holder 5. The lower end of 
the shaft .7a. is. .detachably and rota tably fitted in a 
joint 7b which is mounted on the base 4 in the center of 
the thermostatic bath 1. A motor 6 capable of inter- 
mittent forward and reverse rotation is set on the base 

10 4 so that the motor shaft engages the lower end portion 
of the shaft 7a at the joint 7b. Thus, with the shaft 
7a fitted in the joint 7b, the reaction tube holder 5 
intermittently rotates in the directions indicated by 
arrows X and Y (counterclockwise and clockwise 

15 directions) at a given angular stroke around the fixing 
portion of the shaft 7a as the motor 6 rotates. A 
plurality of reaction tubes 8 (8a, 8b, 8c, 8d, ...) are 
detachably attached to the peripheral edge portion of 
the reaction tube holder 5. The reaction tubes 8, which 

20 are each in the form of a bottomed cylinder, are 

arranged in a loop or an endless line along the circum- 
ference of a circle around the center of the reaction 
tube holder 5. When the reaction tube holder 5 is 
attached to the joint 7b, the reaction tubes 8 are 

25 located substantially along the circular line in the • 
center of a ring-like portion storing the water of the 
thermostatic bath 1 so that their lower half portions 
are immersed in the water. Although the reaction tubes 
8 are arranged at regular intervals in the example 

30 illustrated, they need not always be so. In the example 
illustrated, moreover, the upper end portions of the 
reaction tubes 8 are supported by the reaction tube 
holder 5. Alternatively, however, tumbler-shaped reac- 
tion vessels may be put on a supporting plate, in this 

35 case, the supporting plate is also immersed in the water 
in the thermostatic bath 1. At least one reagent, a 
standard sample, and at least one sample as an object of 
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examination extracted from a human body or the like are 
individually contained in the reaction tubes 8. If 
there are a plurality of items of analysis, specified 
reagents are individually put in the reaction tubes 8 
for the several items. In the example illustrated, pure 
water, a- reagent-; - and a standard sample— such— as a stan- 
dard serum are stored in the reaction tubes 8a, 8b and 
8d, respectively. The reaction tube 8c is blank, and 
the reaction tubes 8e, 8f, ... are loaded individually 
with a plurality of samples. Different figures, symbols 
or other identification signs are marked near the reac- 
tion tube fitting portions of the top surface of the 
reaction tube holder 5 so that the kinds or classes of 
the reagents or samples in the reaction tubes may be 
identified with ease. 

The reaction tubes 8 move along their arrangement 
line as the reaction tube holder 5 rotates. Arranged 
right over the arrangement line of the reaction tubes 8 
are a cylindrical suction body 9 with a suction nozzle 
9a at the bottom, and a cylindrical sampling body 10 
with a sampling nozzle 10a at the bottom, both bodies 
extending vertically. The suction body 9 and the 
sampling body 10 are supported to be vertically movable 
by supporting devices 11 and 12, respectively, so that 
the distance between them is equal to the distance be- 
tween the centers of each two adjacent reaction tubes 8. 
However, the distance between the two bodies 9 and 10 
need not always be equal to the arrangement pitch of the 
reaction tubes 8, and may correspond to any multiple of 
the pitch, e.g., double or triple. The supporting 
device 11 includes a pair of pulleys 11c facing ver- 
tically, a belt lib stretched between the pulleys 11c, 
and a supporting member 11a fixed to a suitable portion 
of the belt lib. The supporting member 11a fixedly sup- 
ports the suction body 9 in a vertical position. The 
rotation shaft of a reversible motor 13 is coupled to 
the upper pulley 11c. As the motor 13 rotates. 
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therefore, the suction body 9 moves up and down. When 
the- suction body r 9 descends, the suction nozzle 9a 
Plunges into the liquid in one of the reaction tubes 8 
When the suction body 9 ascends, the suction nozzle 9a' 
withdraws upward from the reaction tube 8. The sup- 
porting device 12. includes a pair of pulleys 12c facing 
vertically, a belt 12b stretched between the pulleys 
12c, and a supporting member 12a fixed to a suitable 
portion of the belt 12b. The supporting member 12a 
fixedly supports the sampling body 10 in a vertical 
position. The rotation shaft of a reversible motor 14 
is coupled to the upper pulley 12c. As the motor 15 
rotates, therefore, the sampling body 10 moves up and 
down. When the sampling body 10 descends, the sampling 
nozzle 10a plunges into one of the reaction tubes 8 
When the sampling body 10 ascends, the sampling nozzle 
10a withdraws upward from the reaction tube 8. 

Means for measuring absorbancy or electric conduc- 
txvxty is coupled to the suction body 9. m the example 
illustrated, a measuring cell 17 of an absorbancy 
measuring device is connected to the upper end portion 
of the suction body 9 by means of a tube 15a such as a 
silicone tube. The cell 17 is coupled by means of a 
tube 15b to a selector, valve 20 for switching the direc- 
tion of fluid flow. The selector valve 20 is connected 
with tubes 15c and 15d, which are connected to a plunger 
pump 21a and are led into a waste fluid vessel 23 
respectively. The selector valve 20 connects the' 
plunger pump 21a selectively with the cell 17 or the 
waste fluid vessel 23. 

In the absorbancy measuring device, a light source 
18 and a photodetector 19 are individually arranged on 
both sides of the cell 17. The cell 17 is fin e d with 
the reaction liquid sucked out from each reaction tube 8 
through the suction nozzle 9a. A light beam from the 
light source 18 is applied to the cell 17 filled with 
the reaction liquid, and the photodetector 19 detects 
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the quantity of light transmitted through the reaction 
liquid. The quantity of transmitted light is converted 
into an electric signal by the photodetector 19 , and the 
electric signal is transmitted to a CPU 31 mentioned 
later. 

- A screw 22b extends parallel to the stroke of ;a 
plunger 21b of the plunger pump 21a. The screw 22b is 
rotated by a pulse motor 22a. A holder nut 22c is 
fitted on the screw 22b , and is connected to the lower 
end of the plunger 21b by means of a rod 22d. As the 
pulse motor 22a rotates forwardly and reversely, there- 
fore , the screw 22b rotates to move the holder nut 22c 
up and down. Then, the plunger 21b of the plunger pump 
21a moves up and down.- When the plunger 21b descends, 
the liquid is sucked into the plunger pump 21a. When 
the plunger 21b ascends, the liquid is discharged from 
the plunger pump 21a. 

A selector valve 24 is connected to the upper end 
portion of the sampling body 10 by means of a tube 16a 
such as a silicone tube. A plunger pump 25a is con- 
nected to the selector valve 24 by means of a tube 16b. 
A tube 16c connected to the selector valve 24 is led 
into a pure water vessel 27 containing pure water. The 
selector valve 24 connects the plunger pump 25a selec- 
tively with the sampling body 10 or the pure water 
vessel 27. A holder nut 26c is connected to a plunger 
25b of the plunger pump 25a by means of a rod 26d, and 
is fitted on a screw 26b which extends parallel to the 
stroke of the plunger 25b. The screw 26b rotates as a 
pulse motor 26a rotates forwardly and reversely. Then, 
•the holder nut 26c and the plunger 25b moves up and 
down. When the plunger 25b descends, the liquid is 
sucked into the plunger pump 25a. When the plunger 25b 
ascends, the liquid is discharged from the plunger pump 
25a. 

A controller 28 for reaction tube transfer controls 
the operation of the motor 6 for rotating the reaction 
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tube holder 5. The controller 28 receives an actuating 
signal from the CPU 31, and rotates the motor 6 inter- 
mittently in the forward and reverse directions. The 
controller 28 controls the motor 6 so that the reaction 
tube holder 5 is rotated intermittently by an angle La 
time which is egual.to the central angle between each 
two adjacent reaction tubes 8. Thus, each specified 
reaction tube 8 may be located right under the suction 
body 9 or the sampling body 10. 

A suction controller 29 controls the operations or 
the motor 13 for the vertical motion of the suction 
body 9 and the pulse motor 22a for actuating the plunger 
pump 21a to sue* the reaction liquid through the suction 
nozzle 9a. The controller 29 receives an actuating 
Signal from the CPU 31 when the specified reaction tube 
8 is located right under the suction body 9. Then th. 
controller 29 actuates the motor 13 to ller the suction 
body 9. thereby tamersing the suction nozzle 9a in the 
liquid in the reaction tube 8. Subsequently, the 
controller 29 switches the selector valve 20 so as to 
connect the tubes 15b and 15c, and actuates the pulse 
motor 22a to lower the plnnger 21b of the pl„„ ger pump 
21a by a given distance. Thus, a given amount of L 
liquid in the reaction tube 8 is sucked through the suc- 
tion nozzle 9a. The sucked liquid is led into the 
measuring cell 17 of the absorbancy meausring device to 

clv\T\rV ReCeiVi " 9 a " a«»«ing signal from the 
CPO 31, the detector 19 measures the absorbancy o£ the 
liquid in the cell 17 for approximately thirty seconds, 
and transmits the detection result to the CPU 31. „hu e 
the absorbancy is measured, the controller 29 actuates 
the TO tor 13 to withdraw the suction body 9 upward from 
the reaction tube 8. A£ter the ^ 

absorbancy measurement, the controller 29 actuates the 
pulse motor 22a to further lower the plunger 21b 
thereby causing all the liquid in the cell 17 ana the 
tubes 15a and 15b to be sucked into the plunger pump 
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21a. After the liquid suction, the controller 29 
switches the selector valve 20 so as to connect the 
tubes 15c and 15d. Then, the controller 29 actuates the 
pulse motor 22a to raise the plunger 21b, thereby 
forcing out the liquid in the plunger pump 21a into. the 
waste fluid vessel 23, Thus, one cycle of the absor- 
bancy measurement by the controller 29 is completed. 

A controller 30 controls the operations of the 
motor 14 for the vertical motion of the sampling body 10 
and the pulse motor 26a for actuating the plunger pump 
25a to suck in and discharge the liquid in the reaction 
tube 8. The controller 30 receives an actuating signal 
for suction from the CPU 31 when the reaction tube 8 
containing a specified reagent is located right under 
the sampling body 10. Then, the controller 30 actuates 
the motor 14 to lower the sampling body 10, thereby 
immersing the sampling nozzle 10a in the reagent in the 
reaction tube 8. Subsequently, the controller 30 
switches the selector valve 24 so as to connect the 
tubes 16a and 16b, and actuates the pulse motor 26a to 
lower the plunger 25b of the plunger pump 25a by a given 
distance. Thus, a given amount of the reagent in the 
reaction tube 8 is sucked through the sampling nozzle 
10a. Thereafter, the controller 30 actuates the motor 
14 to withdraw the sampling body 10 upward from the 

reaction tube 8. 

When the reaction tube 8 containing the specified 
sample is located right under the sampling body 10, the 
controller 30 receives an actuating signal to discharge 
the reagent from the CPU 31. Then, the controller 30 
actuates the motor 14 to lower the sampling body 10, 
thereby causing the sampling nozzle 10a to plunge into 
the reaction tube 8. Subsequently, the controller 30 
actuates the pulse motor 26a to raise the plunger 25b 
of the plunger pump 25a by a given distance. Thus, a 
given amount of the reagent in the sampling body 10 is 
discharged through the sampling nozzle 10a. Thereafter 
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the controller 30 actuates the motor 14 to withdraw the 
sampling body 10 upward from the reaction tube 8. 

When supplied with an actuating signal for pure 
water discharge from the CPU 31, the controller 30 
switches the selector valve 24 so as to connect the 
tubes" 16b. and 16c, and then lowers the. plunger 25b of 
the plunger pump 25a to suck the pure water from the 
pure water vessel 27 into the plunger pump 25a. Then, 
after switching the selector valve 24 so as to connect 
the tubes 16a and 16b , the controller 30 raises the 
plunger 25b of the plunger pump 25a by a given distance 
to discharge a given amount of the pure water in the 
plunger pump 25a through the sampling nozzle 10a. The 
pure water is poured from the sampling body 10 to wash 
the sampling body 10 and the tubes 16a and 16b con- 
taminated by the reagent with pure water, or store the 
pure water in the reaction tube 8. A reagent may be 
dispensed into the individual reaction tubes 8 through 
the sampling nozzle 10a in the same manner as aforesaid 
by using a reagent vessel storing the reagent in place 
of the pure water vessel 27. 

The controllers 28, 29 and 30 are operated in 
accordance with a sequence programmed in the CPU 31. 
The CPU 31 is formed of r for example, a microcomputer. 
The CPU 31 also calculates the absorbancy using a detec- 
tion signal for the quantity of transmitted light 
applied from the detector 19. An input unit 32 for 
applying various data to the CPU 31 is connected with 
the CPU 31. An indicator 33 for indicating the result 
of the absorbancy calculation and the like is also con- 
nected with the CPU 31. Furthermore, a clock 34 for the 
timing of the various actuating signals is supplied to 
the controllers 28, 29 and 30 is connected with the CPU 
31. 

There will now be described the operation of the 
apparatus thus constructed, along with the operating 
sequence of the CPU 31. First, an operator pours 



- 12 - 



0087028 



individually into the plurality of reaction tubes 8 
attached to the reaction tube holder 5 samples such as 
blood or urine collected from a plurality of human 
bodies, at least one reagent, pure water, a standard 
serum, etc. For example, the pure water, the reagent, 
the standard serum, a. sample, and another sample are 
poured and stored in the reaction tubes 8a, 8b, 8d, 8e 
and 8f, respectively. The reaction tube 8c is left 
blank. The operator applies inputs or identification 
codes for the reaction tubes corresponding to the kinds 
of the liquids therein to the CPU 31 by means of the 
input unit 32. Also, the operator applies an item or 
items of analysis, such as GOT (glutamate oxalacetate 
transaminase) measurement, GPT (glutamate pyruvate 
transaminase) measurement, etc., to the CPU 31 by means 
of the input unit 32. These various data are delivered 
from the CPU 31 and indicated by the indicator 33. 

When the operation of the CPU 31 is started after 
the completion of the operator's preparation for the 
analysis, the CPU 31 first actuates the controller 28 to 
rotate the reaction tube holder 5 in the direction of 
the arrow X or Y so that the reaction tube 8a containing 
the pure water is located right under the suction body 
9. Then, the CPU 31 actuates the controller 29 to lower 
the suction body 9 so that the suction nozzle 9a is 
immersed in the pure water. The pure water is sucked 
through the suction nozzle 9a by the plunger pump 21a to 
fill the measuring cell 17 with the pure water. The 
quantity of light transmitted through the pure water is 
measured by the detector 19 for about thirty seconds, 
and the resultant detection signal is applied to the 
CPU 31. After the detection of the quantity of trans- 
mitted light, the pure water is discharged into the 
waste fluid vessel 23 by the plunger pump 21a. While 
the quantity of transmitted light is being measured, the 
suction body 9 is raised. 

During the pure water suction and the light 
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quantity measurement, the CPU 31 delivers an actuating 
signal for reagent suction to the controller 30. Then, 
the controller 30 lowers the sampling body 10 to immerse 
its sampling nozzle 10a in the reagent in the reaction 
5 tube 8b. In this embodiment, the distance between the 
centers- of -.each two. adjacent reaction tubes 8 is equal 
to the distance between the suction body 9 and the 
sampling body 10, and the pure water and the reagent are 
contained in the adjacent reaction tubes 8a and 8b, 
10 respectively. it is therefore unnecessary to rotate the 
reaction tube holder 5 in sucking the reagent through 
the sampling nozzle 10a. However, if the reaction tube 
containing the pure water is not adjacent to the reac- 
tion tube containing the reagent, the CPU 31 rotates the 
15 reaction tube holder 5 by means of the controller 28 
during the measurement of the absorbancy of the pure 
water, thereby locating the reaction tube containing the 
reagent right under the sampling body 10. A given 
amount of reagent is sucked by the plunger pump 25a 
through the sampling nozzle 10a immersed in the reagent, 
and then the sampling body 10 is withdrawn upward from 
the reaction tube 8b. 

The CPU 31 supplies an actuating signal to the 
controller 28 to rotate the reaction tube holder 5 for 
one step in the direction of . the arrow X, thereby 
locating the blank reaction tube 8c right under the 
sampling body 10. Then, the CPU 31 applies an actuating 
signal for reagent discharge to the controller 30, and 
the sampling body 10 is lowered so that is sampling 
nozzle 10a plunges into the reaction tube 8c. The 
reagent in the sampling body 10 is discharged into the 
reaction tube 8c by the plunger pump 25a. Then, the 
CPU 31 supplies an actuating signal for pure water 
discharge to the controller 30. The selector valve 24 
35 is switched, and the pure water in the pure water vessel 
27 is sucked into the plunger pump. 25a. Then, the 
selector valve 24 is shifted again, and a given amount 
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of the pure water in the plunger pump 25a is discharged 
through the sampling nozzle 10a into the reaction tube 
8c. Thereafter, the sampling body 10 is withdrawn 
upward from the reaction tube 8c. 

The CPU 31 applies an actuating signal to the 
controller 28 to rotate the reaction tube holder 5 for 
one step in the direction of the arrow X, thereby 
locating the reaction tube 8c right under the suction 
body 9. Then, the CPU 31 applies an actuating signal to 
the controller 29 , and the quantity of light transmitted 
through the reagent diluted with the pure water is 
measured in the same manner as aforesaid. After the 
suction, the suction body 9 withdraws upward from the 
reaction tube 8c. 

Thus, the quantity of transmitted light for the 
pure water and reagent is blank -measured, and the 
resultant data are applied to the CPU 31. The data are 
used for preparing a calibraction curve for calculating 
the absorbancy of the reaction liquids. 

The CPU 31 delivers an actuating signal to the 
controller 28 to rotate the reaction tube holder 5 in 
the direction of the arrow Y, thereby locating the reac- 
tion tube 8b containing the reagent right under the 
sampling body 10. Then, the CPU 31 delivers an 
actuating signal for reagent suction to thfe controller 
30 to suck the reagent into the sampling body 10. 
Subsequently, the CPU 31 supplies an actuating signal to 
the controller 28 to rotate the reaction tube holder 5 
in the direction of the arrow X, thereby locating the 
reaction tube 8d containing the standard serum right 
under the sampling body 10. Thereafter, the CPU 31 
alternately delivers actuating signals for reagent 
discharge to the controller 30 and actuating signals for 
holder rotation to the controller 28 at predetermined 
time intervals. Thus, the discharge of the reagent from 
the sampling nozzle 10a by a given amount at a time and 
the rotation of one step of the reaction tube holder 5 
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in the direction of the arrow X are alternately achieved 
to dispense the reagent to the standard serum and the 
individual samples. The time for the pouring of the 
reagent to the standard serum and the samples are stored 
in the CPU 31, respectively. 

Since the reaction tubes 8 are held in the ther- 
mostatic bath 1, biochemical reactions between the 
reagent and the standard serum or the samples start at 
the instant that the reagent is poured. When a prede- 
termined biochemical reaction time passes after the 
reagent is poured into the standard serum, the CPU 31 
supplies an actuating signal to the controller 28 to 
locate the reaction tube 8d containing the reaction mix- 
ture of the standard serum and the reagent right under 
the suction body 9. The predetermined biochemical reac- 
tion time may be set at the end of the biochemical reac- 
tion or in the middle of the reaction. The biochemical 
reaction time is determined suitably according to the 
item or object of analysis. The CPU 31 alternately 
delivers actuating signals for the controllers 29 and 
28. The actuating signals for the controller 29 are 
delivered at the same time intervals as those for the 
reagent dispencing. Accordingly , "both the standard 
serum and the samples are measured for the quantity of 
transmitted light by the absorbancy measuring device 
after undergoing biochemical reactions with the reagent 
in the thermostatic bath 1 for a predetermined time. 
The measurement result is applied from the detector 19 
to the CPU 31. it is to be desired that the reaction 
tube holder 5 should be kept rotating during the 
progress of the biochemical reaction. The rotation of 
the reaction tube holder 5 vibrates the reaction tubes 8 
so that the mixtures of the reagent and the standard 
serum or samples are stirred for uniform reaction. 
Moreover, the water in the thermostatic bath 1 is fully 
stirred by the movement of the. reaction tubes 8 for uni- 
form temperature distribution. Thus, the analyzing 
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accuracy is improved. The CPU 31 calculates the absor- 
bancy of each sample from the inputted quantity of light 
transmitted through the reaction mixture of the standard 
serum or sample and reagent. First, the CPU 31 prepares 
a calibration curve for absorbancy in accordance with 
the quantity of light transmitted through the reaction 
mixture of the reagent and the standard serum, and the 
previously detected quantities of light transmitted 
through a pure water blank and a reagent blank. On the 
basis of the calibration curve, the CPU 31 calculates 
the absorbancy of each sample from the quantity of light 
transmitted through the reaction mixture of the reagent 
and the sample. The absorbancy of the sample thus 
obtained is delivered from the CPU 31 to the indicator 
33 to be indicated thereby. 

In the analysis of an item for which the reagent- 
sample reaction time is long, the reaction tube holder 5 
fitted with the reaction tubes is detached from the ana- 
lyzer body by disengaging the shaft 7a from the joint 7b 
after pouring the reagent into the reaction tubes. The 
reaction tube holder 5 is transferred to another ther- 
mostatic bath independent of the first bath 1 so that 
the reaction tubes with the reagent therein are immersed 
in a constant-temperature medium in the second ther- 
mostatic bath kept at a given biochemical reaction tem- 
perature. Then, before the passage of a given reaction 
time, the reaction tube holder 5 is set again in the 
analyzer body, and the suction of the reaction mixture 
and the measurement of the quantity of transmitted light 
are performed by the suction body 9 and the absorbancy 
measuring device, respectively, in the aforementioned 
manner. By doing this, in the analyzer of the inven- 
tion, an analyzing process, such as reagent distribution 
or reaction mixture absorbancy measurement, may be exe- 
cuted for one group of samples during the reaction time 
for the reagent and another group of samples. Thus, the 
automatic chemical analyzer can be used effectively. 
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In the embodiment described above, the absorbancy 
is measured for a single item of analysis by the use of 
a single reagent. Alternately, two or more reagents may 
be stored individually in the reaction tubes so that 
one-shot analysis may be achieved for a plurality of 
items of analysis. In other words, a plurality of ana- 
lyzing processes can be executed by the use of a single 
reaction channel. Only the absorbancy is measured in 
the above embodiment. However, a plurality of analyzing 
processes may be executed in one stroke by adding 
various other measuring systems, such as a conductivity 
measuring device, to the absorbancy measuring device 
including the measuring cell 17 and the detector 19. in 
this case, a reaction mixture sucked through a single 
suction body may be divergently supplied to two or more 
measuring systems. Alternatively, however, a plurality 
of suction bodies may be arranged over the arrangement 
line of the reaction tubes so that reaction mixtures 
sucked through the individual suction bodies may be 
supplied to several measuring systems. In the foregoing 
embodiment, moreover, the analyzer has a single sampling 
body. By the use of a plurality of sampling bodies, 
however, two or more reaction tubes may be injected at a 
time to improve the processing speed. In the above 
embodiment, the reaction tube holder 5 rotates in both 
. the directions of the arrows X and Y. Since the reac- 
tion tubes are arranged in an endless manner, however, 
the operations for the distribution and suction may be 
performed satisfactorily if the reaction tube holder is 
so designed as to rotate in one of those directions. 

Figs. 3 and 4 show another embodiment of this 
invention. In Fig. 3, the control block diagram shown 
in Fig. 1 is omitted. In Figs. 3 and 4, like reference 
numerals are used to designate the same portions as 
shown in Figs. 1 and 2. Two pairs of truck wheels 40 
are attahced to the under surface of a base 4a. A pair 
of rails 41 extending in the direction normal to the 
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facing direction of the suction body 9 and the sampling 
body 10 are laid on a supporting member 44. The truck 
wheels 40 are fitted to the rails 41 in a rollable 
manner. Thus, guided by the rails 41 , the base 4a and 
the thermostatic bath 1 moves in the direction normal to 
the facing direction of the suction body 9 and the 
sampling body 10 • A female screw 4b is formed halfway 
between the upper and lower surfaces of the base 4a, 
extending in the same direction as the rails 41. A 
reversible motor 43 is fixed on another suitable sup- 
porting member (not shown) which is fixed to the support 
member 44. A male screw 42 is attached to the extreme 
end of the rotation shaft of the motor 43, and is fitted 
in the female screw 4b. As the motor 43 rotates , there- 
fore, the base 4a and the thermostatic bath 1 recipro- 
cate along the extending direction of the rails 41. 

Attached to a reaction tube holder 5a are a plura- 
lity of reaction tubes 8 which are arranged on the cir- 
cumference of each of two concentric circles around the 
fitting position of the shaft 7a of the reaction tube 
holder 5. The reaction tubes 8 arranged on the inner 
and outer arrangement lines are all located in the ther- 
mostatic bath 1, with their lower-half portions immersed 
in the constant-temperature medium in the bath 1. 

In this embodiment f the reaction tube holder 5a 
rotates intermittently around the fitting position of 
the shaft 7a as the motor 6 rotates. While the reac- 
tion tube holder 5a is rotating f the reagent dispensing, 
the reaction mixture suction, and the absorbancy 
measurement are achieved in the aforesaid manner. As 
the motor 43 rotates, moreover, the base 4a, the ther- 
mostatic bath 1, and the reaction tube holder 5a moves 
in the direction normal to the facing direction of the 
suction body 9 and the sampling body 10. Accordingly, 
when the outer arrangement line of the reaction tubes 8 
is right under the suction and sammpling bodies 9 and 
10, the dispensing or suction for the outside reaction 
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tubes 8 is perform. When the inner arrangement line 

" 9ht Under 0,6 bodles 9 10- <*e dispense or 

suction for the inside reaction tubes 8 is executed. As 
compared with embodiment o£ Fig. 1, therefore, the ana- 
lyzer of this second embodiment can make one-shot analy- 
sis Wl th use of a greater number of reagents for a 
greater number of samples, since the rotation of the 
motor 43 for shifting the reaction tube arrangement line 
can be controlled by the CPU 31, all the analytical 
operations can be performed automatically, and are less 
liable to an operator -s mistake. Even if the reaction 
tube arrangement line of the reaction tube holder is one 
in number Us in Pig. 1( , the relati „ e 

read! r ^ "° ^""^ 9 — *> may 

readily be adjusted by designing the analyzer so that 

the reaction tube holder as a whole can move in the 

direction normal to the facing direction of the bodies 9 

and 10, as mentioned before. The reaction tube holder 

for ~ tr T ferred "ithout using the motor 43 

for the automatic transfer. 

In the aforementioned embodiments, the reaction 
tube arrangement lines are circular. Alternatively, the 
reaction tubes may be set at regular intervals with a 
belt conveyor which moves horizontally along an elliptic 

is eiziptic CaSC ' ^ rea ° ti0n ^ 

According to this invention, reaction tubes con- 
taining reagent(s) and sample(s) are arranged on the 
same line to be moved along the same for dispensing and 
suction. 0nllke the prior art analyzer, the analyzer of 
the invention does not require any reagent repository 
beside the reaction tubes. since the suction and 
sampling bodies move only in the vertical direction, it 
is unnecessary to provide arms for their horizontal 
movements. Thus, the analyzer may be smali-sized 
simple construction, and reduced in cost. Since the 
suction and sampling bodies move only within a short 
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vertical stroke, the tubes connecting them with the 
measuring device or plunger pumps may be shortened. 
Accordingly, the amount of reagent to remain in the 
tubes and hence the total reagent consumption will be 
reduced. The analyzing accuracy of the analyzer is high 
since a calibraction curve required for the calculation 
of absorbancy and the like is prepared for each ana- 
lyzing process. The rotation of the reaction tube 
holder, the vertical transfer of the sampling and 
suction bodies, the suction or discharge by the plunger 
pumps, and the measurement are executed automatically on 
the basis of a program set in the CPU 31. Accordingly, 
an operator is less frequently required to manipulate 
the analyzer during the analyzing operation, so that 
defective analysis due to mistaken operation can be 
reduced substantially. With a plurality of reagents 
stored individually in the reaction tubes, a multitude 
of items of analysis may be executed on a compact ana- 
lyzer. The working efficiency of the analyzer may be 
improved by removably attaching the reaction tube holder 
to the analyzer body. 
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Claims : 

1". An automatic chemical analyzer wherein a 
reagent and a sample are mixed to undergo the reaction 
and a specified property of the reaction mixture is 
measured, comprising a plurality of vessels (8) indivi- * 
dually containing at least one reagent and at least one 
sample characterized by, comprising: 

vessel supporting means (5), (5a) for supporting 
the vessels having an endless arrangement line along 
which the vessels are disposed; 

driving means (6) for driving the vessel supporting 
means to move the vessels along the arrangement line; 

temperature keeping means (1) for maintaining a 
fixed temperature of the objects stored in the vessels 
supported by the vessel supporting means; . 

suction means including a suction body (9) having 
at the lower end portion thereof a suction nozzle (9a) 
located right over the arrangement line, and a first 
suction section (21a) capable of being connected with 
the suction body, said suction means being capable of 
sucking the objects in the vesseis; 

suction body supporting means (11) for supporting 
the suction body for vertical motion so that the suction 
body plunges into each vessel when lowered and withdraws 
upward from the vessel when raised; 

sampling means including a sampling body (10) 
having at the lower end portion thereof a sampling 
nozzle (10a) located right over the arrangement line, 
and a second suction section (25a) capable of connecting 
with the sampling body, said sampling means being 
capable of sucking and discharging the object in the 
vessel; 

sampling body supporting means (12) for supporting 
the sampling body for vertical motion so that the 
sampling body plunges into each vessel when lowered and 
withdraws upward from the vessel when raised; 
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measuring means (17 , 18 , 19) disposed between the 
suction body and the first suction section for measuring 
a specified property of the object sucked in through the 
suction nozzle from each vessel; 

vessel transfer control means (28) for controlling 
the transfer of the vessels of the driving means to 
locate the vessels in position; 

suction control means (29) for controlling the ver- 
tical motion of the suction body by the suction body 
supporting means and the suction of the objects in the 
vessels by the suction means; 

sampling control means (30) for controlling the 
vertical motion of the sampling body by the sampling 
body supporting means and the distribution of the 
objects in the vessels by the sampling means; and 

a central controller (31) for driving the vessel 
transfer control means and the sampling control means to 
suck in the reagent from the vessel containing the 
reagent and to discharge the reagent by a given amount 
at a time into the vessel containing the sample, and for 
driving the vessel transfer control means and the suc- 
tion control means to suck in the reaction mixture from 
the vessel after the passage of a given reaction time 
from the instant that the reagent is poured into the 
vessel containing the sample and to supply the reaction 
mixture to the measuring means, 

2. The automatic chemical analyzer according to 
claim l f characterized in that said vessel supporting 
means includes a discoid holder (5) fitted with the 
plurality of vessels arranged on a circular line along 
the peripheral edge portion thereof f said holder being 
rotated by the driving means (6) about an axis passing 
through the center of the arrangement line of the 
vessels perpendicularly to the holding plane of the 
holder. 

3. The automatic chemical analyzer according to 
claim 2, characterized in that said holder (5) can 
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engage with and be disengaged from the driving means 
(6). 

4. The automatic chemical analyzer according to 
claim 3, characterized in that each said vessel is a 
bottomed cylindrical reaction tube (8) supported at the 
upper end portion by the holder (5) so that the longitu- ' 
dinal direction of the reaction tube is vertical. 

5. The automatic chemical analyzer according to 
claim 1, characterized in that said vessel supporting 
means includes a discoid holder (5a) fitted with the 
plurality of vessels arranged on two concentric circular 
lines along the peripheral edge portion thereof, said 
holder being rotated by the driving means (6) about an 
axis passing through the center of the arrangement lines 
of the vessels perpendicularly to the holding plane ofl 
the holder. 

6. The automatic chemical analyzer according to 
claim 5, characterized in that said holder (5a) can move 
in a direction normal to the facing direction of the 
suction nozzle and the sampling nozzle so that the outer 
or inner circular line may selectively be located right 
under the nozzles. 

7. ' The automatic chemical analyzer according to 
claim 1, characterized in that said first suction sec- 
tion includes a plunger pump (21a) and separate tubes 
(15a, 15b, 15c), and said measuring means (17) is 
coupled to the suction body (9) and the plunger pump by 
means of the separate tubes. 

8. The automatic chemical analyzer according to 
claim 7, characterized in that the tube (15b, 15 c ) con- 
necting the measuring means and the plunger pump is 
fitted with a selector valve (20)' coupled with a tube 
(15d) which is led into a waste water vessel (23), so 
that said selector valve connects the plunger pump 
selectively with the measuring means or the waste water 
vessel . 

9. The automatic chemical analyzer according to 
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claim 8 f characterized in that said suction means 
includes a screw rod (22b) extending parallel to the 
stroke of the plunger (21b) of the plunger pump (21a), a 
holder nut (22c) screwed on the screw rod and fixed to 
the plunger, and a motor (22a) for rotating the screw 
rod forwardly and reversely, so that said plunger pump 
performs sucking or discharging operation as the motor 
rotates. 

10. The automatic chemical analyzer according to 
claim 1, characterized in that said second suction sec- 
tion includes a plunger pump (25a) and a tube (16a, 
16b), and said sampling body (10) is coupled to the 
plunger pump by means of the tube. 

11. The automatic chemical analyzer according to 
claim 10, characterized in that the tube (16a, 16b) con- 
necting the sampling body and the plunger pump is fitted 
with a selector valve (24) coupled with a tube (16c) 
which is led into a pure water vessel (27) containing 
pure water, so that said selector valve connects the 
plunger pump selectively with the sampling body or the 
pure water vessel. 

12. The automatic chemical analyzer according to 
claim 11, characterized in that said sampling means 
includes a screw rod (26b.) extending parallel to the 
stroke of the plunger (25b) of the plunger pump (25a), a 
holder nut (26c) screwed on the screw rod and fixed to 
the plunger, and a motor (26a) for rotating the screw 
rod forwardly and reversely, so that said plunger pump 
performs sucking or discharging operation as the motor 
rotates. 

13. The automatic chemical analyzer .according to 
claim 1, characterized in that said temperature keeping 
means includes a thermostatic bath (1) containing a 
constant-temperature medium kept at a fixed temperature, 
and at least part of each said vessel (8) is immersed in 
the constant-temperature medium. 

14. An automatic chemical analyzer wherein a 
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reagent and a sample are mixed to undergo reaction and a 
specified property of the reaction mixture is measured, 
comprising a plurality of vessels (8) individually con- 
taining at least one reagent and at least one sample 
characterized by, comprising: 

vessel, supporting means (5), (5a) for supporting 
the vessels having an endless arrangement line along 
which the vessels are disposed; 

driving means (6) for driving the vessel supporting 
means to move the vessels along the arrangement line; 

temperature keeping means (1) for maintaining a 
fixed temperature of the reaction mixtures stored in the 
vessels supported by the vessel supporting means; 

suction means includes a suction body (9) having at 
15 the lower end portion thereof a suction nozzle (9a) 
located right over the arrangement line, and a first 
suction section (21a) capable of connecting with the 
suction body, said suction means being capable of 
sucking the reaction mixtures in the vessels; 
20 suction body supporting means (11) for supporting 

the suction body for vertical motion so that the suction 
body plunges into each vessel when lowered and withdraws 
upward from the vessel when raised; 

sampling means including a sampling body (10) 
25 having at the lower end portion thereof a sampling 

nozzle (10a) located right over the arrangement line, 
and a second suction section (25a) capable of connecting 
with the sampling body, said sampling means being 
capable of sucking the reagent in the vessel and 
30 discharging the reagent into the vessel containing the 
sample ; 

sampling body supporting means (12) for supporting 
the sampling body for vertical motion so that the 
sampling body plunges into each vessel when lowered -and 
35 withdraws upward from the vessel when raised; and 

measuring means (17, 18, 19) disposed between the 
suction body and the first suction section for measuring 
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a specified property of the reaction mixture sucked in 
through the suction nozzle from each vessel. 
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